We explore the effects of competitive incentives and of their time horizon on the evolution of both asset prices and trading activity in experimental asset markets. We compare i) a no-bonus treatment based on Smith, Suchanek and Williams (1988) ; ii) a short-term bonus treatment in which bonuses are assigned to the best performers at the end of each trading period; iii) a long-term bonus treatment in which bonuses are assigned to the best performers at the end of the 15 periods of the market. We find that the existence of bonus contracts does not increase the likelihood of bubbles but it affects their severity, depending on the time horizon of bonuses. Markets with long-term bonus contracts experience lower price deviations and a lower turnover of assets than markets with either no bonuses or long-term bonus contracts. Short-term bonus contracts increase price deviations but only when markets include a higher share of male traders. At the individual level, the introduction of bonus contracts increases the trading activity of males, probably due to their higher competitiveness. Finally, both mispricing and asset turnover are lower when the pool of traders is more risk-averse.
INTRODUCTION
Financial bubbles in asset markets -defined as 'trade in high volume at prices that are considerably at variance from intrinsic value' (King et al., 1993) -have serious consequences for the economy as a whole. Mispricing generates severe distortions in the allocation of capital and bubble crashes destroy a large amount of wealth and have adverse repercussions for the wider economy, as illustrated by the current global financial crisis. This phenomenon is in contrast with the efficient market hypothesis where actual prices reflect the asset's fundamental value (Fama, 1970) . Indeed, if traders share the same priors about an asset's value, there should be no gain to trade (Tirole, 1982) .
1 Speculation then relies on inconsistent plans and should be ruled out by rational expectations. Recently, the responsibility of traders' compensation schemes has been pointed out as a potential cause of speculation and increased volatility of stock markets. Traders are often perceived as trading at excessively high frequency and as taking excessive risks in the markets in the pursuit of ever-greater bonuses.
In particular, the Pittsburgh meeting of the Group of twenty finance ministers and central bank governors in September 2009 has insisted on the importance of reforming traders' compensation practices in order to support financial stability (G20 Leaders, 2009).
The no-trade theorem states that when rational and risk-neutral traders participate in a market with ex ante
Pareto-optimal allocation and receive private information, they can still never agree to any trade (Milgrom and Stokey, 1982) .
2 Its final declaration stated: "Excessive compensation in the financial sector has both reflected and encouraged excessive risk taking. Reforming compensation policies and practices is an essential part of our effort to increase
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The main aim of this paper is to study whether traders' competitive incentives contribute to the emergence and the severity of bubbles in asset markets. We analyze whether the introduction of competitive bonus contracts in traders' compensation packages influences the occurrence of bubbles and crashes. We manipulate the time-horizon of the bonuses and the portfolio valuation in their calculation to measure their influence on the efficiency of asset markets. Precisely, we test whether mispricing is increased by the distribution in each period of short-term bonuses for which portfolios are valued at the current market price. And we test whether it is decreased by the payment of long-term bonuses at the end of the market when portfolios are valued at their fundamental value.
Since individual survey data on traders' compensation schemes are not easily accessible, we privilege here an experimental approach. This allows us to relate potential deviations from the assets' fundamental value to the introduction of various types of bonuses in traders' compensation schemes. To the best of our knowledge, only three studies have considered the effect of compensation schemes on mispricing in experimental asset markets. These studies are based on the multi-periods asset-life markets experimental design introduced in Smith, Suchamek and Williams (1988) . James and Isaac (2000) and Isaac and James (2003) introduce tournaments whose winners are determined at the end of the last trading period. They find that "beating-the-market" incentives increase mispricing. In contrast with their design, in our experiment market prices are a component of the performance measure that conditions the assignment of bonuses. Cheung and Coleman (2011) show that league-table incentives that are paid each four periods on the basis of the recent growth in the value of the traders' portfolio financial stability. We fully endorse the implementation standards of the FSB aimed at aligning compensation with long-term value creation, not excessive risk-taking…" (G20 Leaders, 2009) halshs-00768434, version 1 -21 Dec 2012
amplify the price deviations above the intrinsic value of the assets. This effect increases with traders' experience and is stronger when the fundamental value of assets is declining over time than in a constant-value environment. In contrast with these studies, we manipulate the frequency at which bonuses are distributed and we conduct our analysis both at the market and at the individual levels to better understand traders' behavior in reaction to incentives. In particular, we study the role played by traders' risk preferences on the dynamics of prices.
Precisely, our design consists of three treatments of an asset market game. The baseline treatment ("no-bonus treatment") mostly replicates the design of Smith, Suchanek and Williams (1988) (SSW, hereafter) . Eight agents are endowed with an equal initial endowment in cash and shares and they can trade assets in a 15-periods asset-life market. Assets pay the same dividend to each trader in each period and the dividend is the only source of intrinsic value. The structure of dividends and the evolution of the fundamental value of the asset are common knowledge from the very beginning of the game. In contrast with the predictions of the no-trade theorem, the previous experimental literature has shown that trading is important in these markets. Prices typically diverge from the fundamental value of the assets, starting below the fundamental value and quickly rising above it until a crash occurs. King et al. (1993) on the influence of experience; Lei et al. (2001) on non-speculative bubbles; Noussair et al. (2001) on assets with constant fundamental values; Haruvy and Noussair (2006) on the effect of short-selling on mispricing; Oechssler et al. (2011) and Sutter et al. (2012) on the role of information; on the improvement permitted by team decision-making. Mispricing is robust to most of these manipulations, except an increased experience within the same group of traders, suggesting a responsibility of the lack of common expectations in bubble formation (see for instance Van Boening et al., 1993, or more recently on the same topics .
In order to measure how these results are affected by the nature of incentives, our two other treatments introduce bonus contracts. In the short-term bonus treatment, the top three performers receive in each period a bonus whose value depends on the traders' performance rank. In the long-term bonus treatment, bonuses are awarded to the top three performers as measured after the 15 market periods have been completed. In the short-term bonus treatment, the trader's performance is based on his or her profit in the current period and on the change of his or her portfolio's value between the previous and the current period assessed at the current period average market price. In the long-term bonus treatment, the traders' performance is assessed on the basis of the profits obtained over the life of the market. This manipulation allows us to test how different types of incentives influence market efficiency.
Our findings show that the introduction of bonus contracts does not increase the likelihood of bubbles in the asset markets but it affects their severity. The markets with long-term bonus contracts experience less price deviations, smaller bubble amplitude and less asset turnover than the markets with either short-term bonus contracts or no-bonus contracts. Moreover, mispricing is less severe and trade activity is less intense in markets with a higher share of risk-averse traders and of male traders. However, the impact of gender is reverted in the presence of short-term bonus contracts. Male traders react more to the introduction of competitive incentives in each period than female traders. Therefore, short-term bonus contracts are associated with significantly higher price deviations than the no-bonus contracts if the share of male traders increases. This is consistent with previous research showing that males are more attracted by competition (Niederle and Vesterlund, 2007; Villeval, 2012) and increase more effort in competitive environments than females (Gneezy, Niederle and Rustichini, 2003) . Overall, our results reveal that the nature of incentives influences mispricing notably through a differentiated impact on the behavior of male traders.
The remainder of this paper is organized as follows. Section 2 surveys the related literature.
Section 3 presents our experimental design, the procedures and our conjectures. Section 4 develops the experimental findings. Last, Section 5 discusses the results and concludes.
RELATED LITERATURE
Very few experimental studies have examined how competitive incentives affect the dynamics of asset markets. 4 James and Isaac (2000) have provided the first test of the effect of tournament incentives on bubble formation, by means of a within-subject experiment based on the design of SSW (1988) . In their experiment, nine traders participate in six successive 15 periods-life asset markets, with or without tournaments. The tournament is a 'beat-the-market' incentive scheme: the traders who performed above average at the end of the 15 periods receive a bonus equal to twice the difference between their profit and the average profit; those who perform below average receive a flat payment. The results indicate that tournaments increase mispricing. In a follow-up study, Isaac and James (2003) show that when the proportion of traders with a tournament contract is reduced sufficiently, the impact of tournaments on mispricing disappears.
In contrast with this approach, we use a between-subject design to avoid the potential order effects of a within-subject design. In addition, at the end of the market traders earn the value of their cash balance and in one of our treatments, market prices are a component of the performance measure that conditions the assignment of bonuses. This is unlike the 'beat-the-market' principle used by James and Isaac. Another difference is that traders know the bonuses they can earn from the very beginning of the session.
Rather than paying a one-time bonus at the end of session, Cheung and Coleman (2011) introduce league-table incentives consisting of bonuses assigned at evenly-timed intervals over the life of the market on the basis of the 'year-on-year' growth in the paper value of the traders' asset holdings. The three top-ranked traders receive an inflow amounting to double the payment they would have received in the baseline condition; the three middle-ranked traders receive an inflow amounting to the same payment as in the baseline condition; the last three traders receive nothing. Cheung and Coleman (2011) also study the influence of experience and they compare markets in which the fundamental value of the asset declines over time with markets in which the fundamental value is constant. They find that in the constant-value environment, the effect of incentives is mild; in contrast, in the declining-value environment, mispricing is greatly exacerbated by incentives. Even in experienced markets, prices climb to levels clearly indicative of speculation and bubbles do not always crash.
In contrast with this study, we manipulate the frequency at which bonuses are distributed to compare the impact of short-term versus long-term incentives. Moreover, we analyze our data not only at the market level but also at the individual level. In particular, we study the role played by traders' risk preferences on their trading behavior and on the resulting dynamics of prices under the different incentive schemes.
The literature studying the influence of individual risk preferences on the efficiency of markets delivers contrasted results. On the one hand, Ang and Schwarz (1985) find that less risk-averse markets show greater price volatility but converge quicker to the equilibrium price.
On the other hand, Fellner and Maciejovsky (2007) find that the higher the degree of risk aversion of traders, the lower the market activity. Last, Güth et al. (1997) find that in markets halshs-00768434, version 1 -21 Dec 2012
with both informed and uninformed agents, risk attitudes do not explain portfolio structures.
Our experiment should provide additional evidence on this relationship. As regards the impact of tournaments, Bronars (1986) has shown theoretically that risk-neutral agents allocate too much time to safe projects and that frontrunners limit risks while underdogs increase risktaking in sequential tournaments. Risk-taking may act as a substitute for effort (Hvide, 2002) .
Agents adopt high-risk-prospects when prizes and spread of prizes are high (e.g., Becker and Huselid, 1992; Gaba and Kalra, 1999; Lee, 2004) , when only a top few win (Gaba and Kalra, 1999) , and depending on the relative position in interim reports (e.g., Nieken and Sliwka, 2010) . Studies in financial economics have also shown that relative performance objectives increase the riskiness of investment strategies (Palomino, 2005) and that investment fund managers paid on a yearly basis adjust the risk they take in the latter part of the year to their relative position mid-year. 5 Here, we test whether the impact of risk preferences on the dynamics of asset markets is influenced by the introduction of bonus contracts.
EXPERIMENTAL DESIGN, PROCEDURES, AND PREDICTIONS
Our between-subjects experiment consists of three treatments that are described successively. Then, we develop the procedures before introducing our behavioral conjectures. 5 There is, however, no consensus on which managers take riskier positions. Some find that those who increase the fund volatility or portfolio risk more in the latter part of the year are the mid-year losers (e.g., Brown et al., 1996; Chevalier and Ellison, 1997; Kempf and Ruenzi, 2008) ; others find that interim winners are more likely to gamble since they expect that the underdogs will try to catch up (e.g., Busse, 2001; Qui, 2003; Taylor, 2003 At the end of each period, each asset unit generates a stochastic dividend to its current owner. The actual dividend value is the same for all assets in the market and for everyone in a given period. The dividend payments are randomly drawn from a uniform distribution (0, 8, 28, 60 ECU) . Therefore, the expected value of each asset is 24 ECU in each period. The earnings generated by dividend payments in each period are added to the owner's liquidity at the end of the period. The dividend structure is common knowledge.
Assuming that traders are risk neutral and using backward induction, the asset's fundamental value is equal to the expected total future flow of dividends. In any period, it is calculated as the number of dividend draws remaining until the end of the sequence of 15 periods times the expected dividend value (24 ECU). Thus, at the beginning of the sequence the fundamental value of each asset unit is 360 ECU (15*24), while it is only 24 ECU at the beginning of the fifteenth period. When the fifteenth period is over, the asset's value equals zero. There is no buy-out option. Figure 1 displays the evolution of the asset's fundamental value over time. Figure 1 . Evolution of the intrinsic value of an asset over time.
halshs-00768434, version 1 -21 Dec 2012
The dividend structure is made common information and precautions are taken to ensure that participants plainly understood this structure. 9 The traders' current liquidity and asset holdings are displayed on the screens and are automatically updated after each transaction and after each dividend payment. Once a period is over, traders receive summary information on the amount of the dividend payment drawn for this period, the total amount of asset holdings and liquidity. During a period, a history box displays all the transactions concluded in the market and their respective price since the beginning of the period.
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In a period, earnings are computed as the evolution of the liquidity during this period, i.e. the revenues generated by the stock sales minus the cost of stock purchases. They are augmented at the end of each trading period with the dividend earnings (the dividend value times the stock of asset holdings at the end of the period). Indeed, there are two sources of profits for the traders. The first one is related to both the trading activity and the evolution of stock prices.
The other one consists of the dividend earnings. Therefore, the trader i's profit in period t writes as follows:
Profit it = (stock sales revenues it − stock purchase costs it ) + (assets it * dividend t )
The short-term bonus treatment
The short-term bonus treatment implements a rank-order tournament between the traders in each trading period. Precisely, at the end of each period the performance of the traders is compared. The three traders who realized the highest performance in the period earn a bonus on top of their profit of the period. Trader i's performance in period t is calculated as follows:
The first term represents the trader's profit as explained in equation (1). The second term captures the variation in the value of the trader's portfolio between the end and the beginning of the current period calculated at the market price. The value of the trader's portfolio at the beginning of a period equals the number of his or her asset holdings at the beginning of the period (namely the number of his asset holdings at the end of the previous period) multiplied by the average market price of all concluded transactions in the market during the previous period. The value of his or her portfolio at the end of the period equals the number of her asset holdings at the end of the period multiplied by the average market price of all concluded transactions within the current period. This representation of performance takes into account both the activity of the trader in the market and his or her ability to manage his or her capital in given short-term market conditions.
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In each period, the trader who realized the highest performance in the period receives a bonus of 240 ECU. The trader who realized the second highest performance receives a bonus of 168 ECU. The bonus of the trader who realized the third highest performance amounts to 72 ECU.
The highest bonus corresponds to the expected dividend generated by 10 asset units during 11 In period 1, as there is no previous period of play, the performance accounts only for the portfolio development during the first period valued at the average market price of this period.
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one period. The second (third, respectively) bonus represents 70% (30%, resp.) of the value of the highest bonus. The bonus is added to the traders' liquidity before the beginning of the next period. These amounts have been determined arbitrarily, such as to provide a salient additional incentive to realize a high performance without introducing too many additional liquidities in the market throughout the session.
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The long-term bonus treatment
The long-term bonus treatment also introduces a rank-order tournament between the traders but here, the traders' performances throughout the session are compared at the end of the 15
periods. The three traders with the highest total performance earn a bonus which value depends on their rank. The best performer receives a bonus of 3,600 ECU, the second best performer receives a bonus of 2,520 ECU, and the third one a bonus of 1,080 ECU. The total amount of bonuses distributed is the same as in the short-term bonus treatment. Performance is measured as the sum of profits obtained during the 15 periods of the game. In contrast with the short-term bonus contracts, the portfolios are here valued at their fundamental value, as the current value of the asset holdings at the end of the market life is zero.
12 Indeed, this injection of liquidity could bias the comparison between the short-term bonus treatment and the other treatments for which the total amount of liquidity is kept constant throughout the session. Existing literature has shown that the level of liquidity can influence the occurrence and magnitude of price bubbles (see Smith, 1998, 2001 ; see also Kirchler, Huber and Stöckl, 2012) . We assume, however, that if this effect can exist, it should be very limited. Indeed, the maximum amount of bonuses a trader could potentially receive is 3,600 ECU, which represents 18% of the initial endowment in liquidity. In fact, i) no trader uses all his cash to trade; ii) this cash is injected period by period and not at the very beginning of the game; iii) it is not the case that the same traders receive the bonuses repeatedly at each period (see the final results sub-section); so there is no concentration of additional liquidities in the hands of only a few traders.
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3.2.Procedures
The experiment was conducted in the laboratory of the Groupe d'Analyse et de Théorie Economique, Lyon, France. 256 subjects were recruited via the ORSEE software (Greiner, 2004) from undergraduate classes at the local business and engineering schools. None of them had already participated in asset market experiments. 32 sessions with eight participants each were conducted (12 sessions with the no-bonus treatment, 10 sessions with the short-term bonus treatment, and 10 with the long-term bonus treatment).
Upon arrival, the participants were randomly assigned to a computer terminal by drawing a tag from an opaque bag. They participated first to a test of risk attitudes using the Holt and Laury (2002) procedure (see Appendix A). This allows us to study the impact of the distribution of traders' risk attitudes on the dynamics of trades. 13 Then, the instructions of the game (see Appendix A) were read aloud and the subjects' understanding was checked. Subjects played a five-minute long practice period to familiarize themselves with the trading rules and the calculation of earnings. After all the subjects' questions were answered in private, the subjects played the 15 periods of the asset market game without interruption. The game was computerized using the Z-Tree platform (Fischbacher, 2007) . Once the 15 periods were completed, the subjects answered a brief demographic questionnaire and were asked to selfreport their level of knowledge in statistics and finance on a Likert-type scale graduated from 0 to 5. Then, they proceeded to a separate payment room where they played in private the risk 13 Subjects make ten successive choices between two paired lotteries, "option A" and "option B". The payoffs for option A are either €2 or €1.60. The riskier option B pays either €3.85 or €0.10. They reported an average riskaversion switching point of 6.50. The corresponding number for females was 6.70.
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elicitation lottery by rolling a ten-sided dice. Payoffs were paid in cash. Participants earned on average €22, including a €5 show-up fee. On average, a session lasted two and a half hours.
Behavioral predictions
If we assume rational behavior, common knowledge of rational behavior, and risk neutrality, traders should not trade in the market, as they are perfectly informed on the expected value of their asset in each period of the market. However, previous literature has shown that individuals use to trade and that mispricing is frequent. Therefore, we turn now on behavioral predictions. The first set of conjectures is related to the presence of bonuses. We anticipate that the presence of short-term incentives favors higher risk-taking and a higher trading activity than long-term incentives. Indeed, the willingness to get a bonus may motivate the players to trade more in each period. As the variation in the value of the trader's portfolio is a crucial determinant of the likelihood of earning a bonus, we anticipate that some players may promote the rise in prices in order to increase the value of their portfolio. Conversely, they may resist against falling prices, which is the expected trend given the evolution of the assets' intrinsic value. 14 This should lead to larger price deviations from the fundamental value. In contrast, the long-term bonuses should incite the players to consider from the very beginning the whole life of the market all together instead of each period separately, and to focus on the fundamental value of the assets. We formulate the following conjectures:
Conjecture 1: Markets with short-term bonuses are more prone to bubble formation and exhibit larger price deviations from the fundamental value of the assets than markets with no bonuses.
Conjecture 2: Markets with long-term bonuses are less prone to bubble formation and exhibit less mispricing than markets with short-term bonuses or with no bonuses.
The second set of conjectures is related to the impact of risk attitudes on individual behavior and on the dynamics of prices. We assume that the subjective value that the traders attribute to an asset depends on their degree of risk aversion. The more risk-averse the traders, the lower the subjective value attributed to this asset, due to the uncertainty related to both the dividends and the market price evolution. Therefore, more risk-averse traders are expected to have a lower overall trading activity. The introduction of short-term bonuses may increase the trading activity of less risk-averse and more competitive traders because these bonuses increase their expected utility of trading. We formulate the following conjectures:
Conjecture 3: At the individual level, the lower is the degree of risk aversion, the higher is the market activity.
Conjecture 4:
The introduction of short-term bonuses may decrease the reluctance of risk averse players to trade because of additional expected payoffs.
Conjecture 5: At the market level, the lower is the average degree of individuals' risk aversion in the market, the higher are price deviations relative to the fundamental asset value.
RESULTS
We first present summary statistics on bubble formation by treatment. Then, we provide an econometric analysis of the influence of bonuses on bubble formation. Last, we develop an analysis at the individual level of the links between risk attitudes, trading activity and bonuses.
Summary statistics
We start by studying the occurrence of bubbles. King et al. (1993) define a bubble as "trade at high volumes at prices considerably at variance from intrinsic values". Noussair, Robin, and Ruffieux (2001) consider an operational definition of bubbles where market prices are considerably at variance from the fundamental value of the asset if at least one of the two following conditions is met: i) the median transaction price in five consecutive periods is at least 15% above the fundamental value; ii) the average price is at least two standard deviations of transaction prices greater than the fundamental value for five consecutive periods. We use this definition to characterize the occurrence of a bubble, to which we add a measure of high volume trading. A significant trading activity at prices far from the assets' intrinsic value is indicative of an inefficient market. 15 We consider that a period is characterized by a high trading activity when the turnover (i.e., the total quantity of shares exchanged in the period divided by the total number of asset holdings -80 in our experiment-) is over 0.15. Similarly, the whole market of 15 periods is characterized by a high trading activity when the turnover is higher than 2.25. Indeed, when the asset expected payoff is common information, the number of transactions is expected to be low; then, a high turnover is considered as indicating the formation of a bubble. We consider that a bubble has formed during a session when a market satisfies one of the two conditions of Noussair et al.'s (2001) definition and when a high volume of assets has been traded in at least five consecutive periods.
According to this definition, we find that bubbles occurred in four out of twelve sessions (33.33%) in the no-bonus treatment, in five out of ten sessions (50%) in the short-term bonus 15 A large volume of trades at prices close to the intrinsic value may, conversely, be interpreted as an indication of no bubble formation (Smith et al., 2000) . We also consider the evolution of the total volume of trades over time, as a high trade activity may be associated with mispricing. Figure 3 displays the evolution of the average trading volume by period for different blocks of periods and by treatment. We consider three blocks of periods: periods 1 to 5, periods 6 to 10, and periods 11 to 15. The last block on the right aggregates the data from all periods. To complement this analysis, we use a range of standard summary measures of bubble severity from the literature on experimental asset markets. These measures include the normalized absolute price deviation (NAPD, hereafter), the normalized price deviation (NPD, hereafter), the amplitude of price deviations, the turnover of assets, and the boom duration.
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The NAPD measures the per-share aggregate absolute deviation of the price from the asset fundamental value. A high normalized price deviation reflects high trading volumes and deviations of prices from fundamental values, indicating a market bubble (Haruvy and Noussair 2006) . The NPD measure is similar to NAPD, except that instead of considering absolute price deviations, it relies on raw price deviations. It is close to the relative deviation defined by Stöckl, Huber and Kirchler (2010) except that our measure is normalized over the total sum of asset holdings. A positive NPD indicates that the market on average overvalues the asset, whereas a negative value indicates undervaluation. The amplitude measures the magnitude of overall price changes relative to the asset fundamental value throughout its life (King et al., 1993) . Previous literature has shown that high amplitudes are associated with the presence of price bubbles. The turnover captures the intensity of the trading activity in the 15 periods (Smith et al., 1988) . Finally, the boom duration represents the number of consecutive periods where the market median price is higher than the fundamental value by at least 20%. Table 1 displays the average values of these measures in each treatment. Table 1 illustrates a consistent ranking of the three treatments. Mispricing seems to be more severe in the short-term bonus treatment than in the two other treatments. Indeed, for each measure except the turnover, the highest value is found in this treatment. In contrast, the longterm bonus treatment is associated with the lowest NAPD, NPD, amplitude and turnover. In this treatment, the mean boom duration lies in between the values for the two other treatments. However, as typical in this type of games, there is a large heterogeneity in the dynamics of prices and market behavior across sessions within each treatment. The within-treatment heterogeneity is easily observable in Tables C1, C2 and C3 in Appendix C that display the same measures session by session. We next proceed to an econometric analysis of the data to analyze how the treatment manipulation and the composition of the pool of traders in each market influence mispricing and trading activity.
Econometric analysis
The determinants of measures of mispricing are estimated with Ordinary Least Squares models in which robust standard errors are clustered at the session level, as each session gives one independent observation. We pool the data of each treatment. Table 2 reports these estimates. To characterize the main dimensions of a bubble (price deviations, amplitude and market activity), the independent variables are the normalized absolute price deviation in model (1), the amplitude of bubbles in model (2) and the turnover of assets in model (3).
To measure the impact of the treatment manipulation, the independent variables include dummy variables for each treatment in which bonuses have been introduced. The no-bonus treatment is taken as the reference category. To study whether the within-treatment heterogeneity in mispricing is driven by the traders' characteristics in the market, we include halshs-00768434, version 1 -21 Dec 2012
the mean traders' degree of risk aversion as an independent variable. This aims at testing our conjecture 5. More precisely, we include the average safety index in each session. This index corresponds to the switching point in the Holt and Laury lottery choice task. The higher the average index is, the more risk-averse the traders on average are. We also include the ratio of male traders in each session. Indeed, gender differences have been often observed in financial decisions (Barsky et al., 1997; Powell and Ansic, 1997; Charness and Gneezy, 2007) , with males being more overconfident than females (Barber and Odean, 2001 ) and less risk averse (see Croson and Gneezy, 2009 , for a survey). Therefore, a higher proportion of males in a market may influence our measures. We allow both the mean level of risk attitudes and the gender ratio to vary across treatment by interacting these two variables with the dummy variables for each treatment. Finally, we control for the mean traders' self-reported knowledge in statistics and finance in each session, as one could expect that a better average knowledge in these fields would reduce deviations from the equilibrium, other things equal. Table 2 shows that, controlling for the characteristics of the pool of traders, the long-term bonus treatment generates lower price deviations (model (1)), a smaller amplitude of bubbles (significant only at the 12% level, see model (2)), and a lower turnover (model (3)) than the no-bonus treatment. Model (3) indicates that the asset turnover is also significantly lower in the short-term bonus treatment than in the no-bonus treatment. Similar regressions using the long-term bonus treatment as the reference category (not reported here but available upon request) indicate that price deviations and the amplitude of bubbles are significantly higher in the short-term bonus treatment than in the long-term bonus treatment (significant at the 1% level in both cases). Note: OLS models with robust standard errors clustered at the session level in parentheses. *** indicates significance at the 1% level, ** at the 5% level, * at the 10% level, # at the 12% level.
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These findings support our conjecture 2 and are summarized in Result 2:
Result 2: The markets with long-term bonus contracts experience less price deviations, smaller bubble amplitude than the markets with short-term bonus contracts and than the markets with no-bonus contracts.
Table 2 also indicates that the composition of the pool of traders influences both mispricing and turnover. Bubbles are less severe and trade activity is less intense in markets with more risk-averse traders. Indeed, there is a significant negative relationship between the mean safety index in the session, NAPD, amplitude and turnover. However, in the long-term bonus treatment, the net impact of risk attitudes on both NAPD and turnover is negligible as the variable interacting the mean risk attitudes and the treatment dummy receives almost the same but positive coefficient as the mean safety index variable (see models (1) and (3)). This suggests that when long-term bonuses are at stake, the positive relationship between the behavior of more risk-seeking traders and mispricing vanishes out almost completely.
Last, we observe that in the no-bonus treatment a higher proportion of male traders is associated with lower NAPD, amplitude of bubbles, and turnover. However, the gender composition of the pool of traders has a neutral net impact in the long-term bonus treatment.
And in the short-term bonus contracts, a higher ratio of male traders even generates a net positive impact on NAPD and asset turnover. A possible interpretation is related to the fact that bonus contracts are competitive incentives and that competition is more intense and salient when bonuses are at stake in each period. Previous literature has shown that males are much more competitive than females (Gneezy et al., 2003; Niederle and Vesterlund, 2007; Villeval, 2012) . Therefore, male traders may behave more actively in the market when bonuses are at stake -especially when assigned each period-than in the absence of bonuses. This analysis supports partly our conjectures 1 and 5 and leads to the following results:
Result 3: Mispricing is less severe and trade activity is less intense in markets with more riskaverse traders and a higher share of male traders, except when competitive incentives are at stake and especially when bonuses are assigned each period.
Result 4: Markets with short-term bonus contracts tend to exhibit higher price deviations than the markets with no bonuses and the markets with long-term bonus contracts but only when they involve a higher share of male traders.
Risk attitudes and individual behavior
In this sub-section, we study whether risk attitudes influence individual trading activity and the subsequent earning of bonuses. Table 3 Table 3 shows that traders have a significantly lower activity in the long-term bonus treatment than in the other treatments and the value of the associated coefficient increases over time.
Supporting conjecture 3 and our previous analysis, it also shows that more risk averse traders are less active in the market, regardless of the block of periods considered. But contrary to our conjecture 4, the introduction of bonuses does not affect the impact of risk aversion on trading activity in the short-term treatment. The (marginal) impact of risk aversion is even sometimes reverted in the long-term bonus treatment, where less risk-averse individuals are less willing to halshs-00768434, version 1 -21 Dec 2012
trade. Confirming the analysis at the market level, males trade significantly less than females in almost all blocks of periods. However, the introduction of long-term bonuses annihilates this effect while the net joint effect of short-term bonuses and male gender is positive. An interpretation is that in the presence of short-term incentives, males' competitiveness is increased. Finally, a better knowledge in finance tends to limit trading activity in most blocks of periods. Note: GLS models with robust standard errors clustered at the session level in parentheses. *** indicate significance at the 1% level, ** at the 5% level, * at the 10% level, and # at the 11% level.
These findings are summarized in the following results:
Result 5: At the individual level, a higher degree of risk aversion and a better knowledge in finance reduce trading activity.
Result 6: At the individual level, controlling for risk preferences, introducing competitive incentives -especially short-term bonuses-increases male traders' activity.
Finally, we study whether the degree of risk aversion and gender predict the bonuses earned by the traders in the market in the short-term and the long-term bonus treatments. Table 4 reports the estimates of four ordered probit models with robust standard errors clustered at the market level in which the dependent variable is the amount of the bonus received in each period in the short-term bonus treatment. The ordered probit model is justified since individuals can earn either no bonus or one of three possible bonuses. Model (1) corresponds to periods 1 to 5, model (2) to periods 6 to 10, model (3) to periods 11 to 15, and model (4) is for the whole market (periods 1 to 15). Model (5) in Table 4 analyzes the individual determinants of the receipt of bonuses in the long-term bonus treatment. It is also estimated by means of an ordered probit model with clustering at the session level. The independent variables in all models are the trader's individual safety index, gender, and self-reported knowledge in statistics and in finance.
Models (1) and (2) identify a significant relationship between the trader's risk attitude and gender and the bonuses earned in the first ten periods of the short-term bonus treatment (confirmed by model (4) for the whole market). In this block of periods, both a higher degree of individual risk aversion and being a male trader are associated with a higher probability to earn higher bonuses. Note: Ordered probit models, with robust standard errors clustered at the session level in parentheses. *** indicate significance at the 1% level and ** at the 5% level.
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In contrast, risk attitudes and gender do not affect the amount of bonuses earned in the last five periods. This may result from the fact that this phase of the market corresponds to bubble bursts and is quite chaotic both for prices and transactions. Players with a higher degree of risk aversion and a higher competitiveness are better able to profit from the market opportunities.
Including the volume of traded assets by the individual in the regressions does not affect the probability of receiving bonuses (regressions available upon request). Finally, we do not observe any significant impact of risk attitudes and gender on the receipt of bonuses in the long-term bonus treatment. This leads to our final result:
Result 7: Risk-averse traders and male traders are more likely to earn bigger bonuses in the short-term bonus treatment, but not in the long-term bonus treatment. halshs-00768434, version 1 -21 Dec 2012
CONCLUSION
This paper has explored the effects of various incentive contracts for traders on the evolution of prices and on trading activity in experimental asset markets. Consistent with the previous literature, our treatment with no bonus exhibits active trading and persistent deviations of prices from the assets' fundamental values. If competitive incentives do not increase the likelihood of bubbles, the markets with long-term bonuses experience the lowest price deviations, amplitude and turnover of assets. Mispricing and turnover of assets are even smaller than in the markets with no bonuses. This is in contrast with the conclusions of Isaac and James (2000, 2003) , probably due to the use of a different rule for selecting the winners of the tournament. The markets with short-term bonuses experience higher price deviations, amplitude and boom duration than the two other types of markets; however, mispricing is significantly more severe only when the market involves a higher share of male traders.
Although we are cautious not extrapolating our results due to the heterogeneity of behavior across markets, they provide some evidence that the rules for determining traders' compensation matter in the evolution of prices and trade volumes. In particular, the long-term bonuses contribute to reduce market inefficiency by reducing the volume of trades and mispricing probably because these bonuses reinforce the assets' final fundamental value as a focal point from the very beginning of the market, while the short-term bonuses make bonuses and current prices more salient than the fundamental value of the assets. This reveals the importance of the reference point introduced by compensation policies on behavior.
Previous studies report that experience (Dufwenberg et al., 2005) , detailed exposure of the fundamental value evolution (Lei and Vesely, 2009 ), context presentation or public knowledge on appropriate training reduce the occurrence and the severity of bubble in experimental asset markets. Nevertheless, the creation halshs-00768434, version 1 -21 Dec 2012 of bubbles in an environment where traders are informed from the beginning of the evolution of the fundamental value of the assets remains an interesting research topic for economists.
Testing whether the composition of the pool of traders affects the dynamics of trades and prices on the markets, we have found that mispricing is more severe and trading activity is more intense in markets where the pool of traders is on average less risk-averse. The introduction of short-term bonuses increases the impact of gender on trading behavior and on mispricing, possibly due to the reinforcing effect of these incentives on males' competitiveness. A potential implication of these findings is that educating individuals in risk management could contribute to reduce the severity of distorsions in asset markets.
Several extensions could be thought of. With our design, we cannot exclude that the amount of short-term bonuses infused in the market contributes to mispricing. Therefore, we could explore whether the extent of mispricing would differ if the bonuses earned throughout the game would be kept in a private account and could not be used to trade. Another extension could consist of measuring how a richer set of information (including for example the distribution of performances in the period) would affect market behavior. 
APPENDIX A -Instructions (original in French)
Welcome and thank you for participating in our experiment on decision-making in economics. Please to not talk or communicate with the other participants during the experiment. You have received the instructions for the first part of the experiment. The instructions for the second part will be distributed after part 1 has been completed.
Part 1
Thank you for answering this questionnaire. Your answers will bring you a sum of money that will be paid to you with your other earnings at the end of the experiment. We present you a sheet with ten decisions to make. Each decision is a paired choice between two options: "Option A" and "Option B". You will make ten choices and record them in the column on the right side. Only one of your choices will be used in the end to determine your final earnings for this questionnaire.
We use a ten-sided die for determining the payoffs. The faces are numbered from 1 to 10 (the « 0 » face of the die will serve as number « 10 »). At the end of the experiment when receiving your final earnings, you will throw the dice twice.
• Once to select one of the ten decisions to be used, • A second time to determine what your earning is for the option you chose, « Option A » or « Option B », for the particular decision selected. Even though you will make ten decisions, only one of these will really affect your final earnings. Nevertheless you will not know in advance which decision will be selected. Of course, each decision has an equal chance of being used.
• Look at decision 1. The option A pays 2 € if the throw of the ten-sided die is 1, and it pays 1,6 € if the throw is between 2 and 10. The option B pays 3,85 € if the throw of the ten-sided die is 1, and it pays 0.1 € if the throw is between 2 and 10.
• Look at decision 2.
The option A pays 2 € if the throw of the ten-sided die is 1 or 2, and it pays 1.6 € if the throw is between 3 and 10. The option B pays 3.85 € if the throw of the ten-sided die is 1 or 2, and it pays 0.1 € if the throw is between 3 and 10.
The other decisions are similar, except that as you move down the table, the chances of the higher payoff for each option increase. In fact, for decision 10 in the bottom row, the die will not be needed since each option pays the highest payoff for sure. Therefore, in this decision row you make a choice between 2€ et 3.85€.
To summarize: You will make ten choices now. For each decision row you are asked to make a choice between Option A and Option B. You may choose the option A for some decisions and the option B for other rows. You may change your decisions and make them in any order.
At the end of the session, you will roll the ten-sided die to select which of the ten decisions will be used. Then, you will roll the die again to determine your money earnings for the option you chose for the selected decision. Earning for this choice will be added to your other earnings, and will be paid to you in cash at the end of the experiment.
Should you have any question, please raise your hand and we will come to you and answer your questions in private. Please do not communicate with the other participants.
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Please make now your choices and record for each of the ten decision rows whether you prefer the option A or the option B.
Your choice

Decision 1
Option A: 1 chance out of 10 to earn 2 € and 9 chances out of 10 to earn 1.6 € Option B: 1 chance out of 10 to earn 3.85 € and 9 chances out of 10 to earn 0.1 € Option A  Option B  Decision 2 Option A: 2 chances out of 10 to earn 2 € and 8 chances out of 10 to earn 1.6 € Option B: 2 chances out of 10 to earn 3.85 € and 8 chances out of 10 to earn 0.1 € Option A  Option B  Decision 3
Option A: 3 chances out of 10 to earn 2 € and 7 chances out of 10 to earn 1.6 € Option B: 3 chances out of 10 to earn 3.85 € and 7 chances out of 10 to earn 0.1 €
Option A: 4 chances out of 10 to earn 2 € and 6 chances out of 10 to earn 1.6 € Option B: 4 chances out of 10 to earn 3.85 € and 6 chances out of 10 to earn 0.1 €
Option A: 5 chances out of 10 to earn 2 € and 5 chances out of 10 to earn 1.6 € Option B: 5 chances out of 10 to earn 3.85 € and 5 chances out of 10 to earn 0.1 €
Option A: 6 chances out of 10 to earn 2 € and 4 chances out of 10 to earn 1.6 € Option B: 6 chances out of 10 to earn 3.85 € and 4 chances out of 10 to earn 0.1 €
Option A: 7 chances out of10 to earn 2 € and 3 chances out of 10 to earn 1.6 € Option B: 7 chances out of 10 to earn 3.85 € and 3 chances out of 10 to earn 0.1 €
Option A: 8 chances out of 10 to earn 2 € and 2 out of 10 to earn 1.6 € Option B: 8 chances out of 10 to earn 3.85 € and 2 chances out of 10 to earn 0.1 €
Option A: 9 chances out of 10 to earn 2 € and 1 chance out of 10 to earn 1.6 € Option B: 9 chances out of 10 to earn 3.85 € and 1 chance out of 10 to earn 0.1 € The instructions for this game are simple, and if you follow them carefully and make good decisions, you may earn a considerable amount of money that will be paid to you in cash at the end of session. Your gains will be converted into Euros at the following exchange rate: 300 ECU = €1 or 1 ECU = €0,0033
In addition to your gains, you will receive a show-up fee of 5 Euro. All money you earn will be paid to you, privately and in cash, at the end of experiment. If you realize a loss at the end of experiment, its amount will be deducted from your show-up fee.
The market experiment consists of a sequence of 15 trading periods, in which you have the opportunity to buy and sell assets. At the end of each period, the units of assets everybody holds generate a gain that will be determined by a lottery. The rules of the lottery will be explained further in the text. Including you, there are eight participants in this market. The good called "X" may be considered as an asset of life of 15 trading periods.
At the beginning of each period, every participant is provided with an endowment of 10 units of good X. For every participant her inventory of X carries over from one trading period to the next. At the end of each period, each unit of an asset in your holdings generates a dividend payment. The amount of the dividend is determined by a random draw.
-If the random draw equals 0, you earn 0 ECU for each unit of X you hold -If the random draw equals 8, you earn 8 ECU for each unit of X you hold -If the random draw equals 28, you earn 28 ECU for each unit of X you hold -If the random draw equals 60, you earn 60 ECU for each unit of X you hold
The dividend payment in a given period is common to all participants. Each of the four earnings is equally likely. Therefore, the average dividend payment per asset in one period is 24 ECU (i.e. 1/4*0 + 1/4*8 + 1/4*28 + 1/4*60 = 24 ECU).
Each trading period lasts four minutes. During each trading period you may either sell part of your holdings of assets or you may alternatively use your cash endowments to purchase more assets.
Market organization
How to sell in the market? There are two ways to sell asset holdings in the market: --The first one consists of making an offer to sell and letting it be accepted by another participant in the market. --The second one consists of accepting an offer to buy that was made by another participant in the market. --An offer to sell appears on the market if and only if its price is inferior to the price of the offer to sell that is currently displayed on the market.
How to buy in the market? There are two ways to buy units of assets in the market:
--The first one consists of making an offer to buy and letting it be accepted by another participant in the market. --The second one consists of accepting an offer to sell that was made by another participant in the market.
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--An offer to buy appears on the market if and only if its price is superior to the price of the offer to buy that is currently displayed in the market.
At the beginning of the game, every participant is provided with a cash endowment of 20,000 ECU. Note that this cash endowment represents a loan that you will give back at the end of the experiment. Sales of your asset holdings increase your cash balance by the amount of the sale price. Similarly, purchases reduce your cash balance by the amount of the purchase price.
Thus, you can gain or lose money on the purchase and sale of your asset holdings. The trading system will automatically update your cash balance and asset holdings to reflect your purchases and/or sales. Your cash balance is carried over from one trading period to the next. At the end of the experiment you will pay the loan of 20,000 ECU back to calculate your final earnings. You cannot buy good X when you do not have any cash. Just as you cannot sell any units of good X if you do not have any units of good X in your holding.
The average holding value of a unit from period to period
You can use your average holding value table to help you make decisions that is in annex A of these instructions. There are 4 columns in the table.
The first column, labeled Current Period, indicates the period during which the average holding value is being calculated.
The second column, labeled Number of Remaining Periods, gives the number of holding periods from the period in the first column until the end of the experiment. At the end of the last period, period 15, the last dividend payment takes place. After this dividend payment, the units of asset are worth nothing.
Example 1: Suppose that the current period is the period 8. Then there are 7 periods remaining until the end of the experiment. There are still 8 dividend payments remaining for the experiment (one payment for the current period and 7 payments for the periods from 9 to 15). The average holding value per period is 24 ECU. The Average Holding Value per Unit of Inventory until the end of the experiment is 8 * 24 = 192 ECU.
Period Profits
In every period your profit equals the difference in cash coming from the gains and losses from purchasing and selling units of good X plus your earnings generated by the dividend payments of all units of good X you hold at the end of the period.
Example 2: Suppose that at the beginning of one period you possess 20 950ECU in cash and 11 units of good X. Suppose that during this period you sell one unit of good X for 250 ECU. At the end of this period, your hold 21 200 ECU in cash (20 950 + 250) and 10 units of good X. Finally, suppose that the average holding value drawn in this period is 28 ECU.
Then your profit in this period will be (21 200 -20 950) + 10 * 28 = 530 ECU.
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Bonus determination
Besides your period profit, you may receive a bonus. The bonus is given to the three market participants who have realized the highest performance within a period. In each period, the performance calculation depends on the period profit and the evolution of the value of your asset holdings, taking into consideration the transaction prices observed in the market.
The evolution of the assets' value within a period is calculated as a difference between the value of the asset at the end of the period and its value at the beginning of the period. The stock value at the end of period equals the number of assets you hold at the end of the period multiplied by the average transaction price in the current period. The stock value at the beginning of the period equals the number of the assets you hold at the beginning of the period multiplied by the average transaction price during the previous period.
Example 3: Suppose that the average transaction price in the previous period was 150 ECU and that at the beginning of the period you hold 6 units. Suppose that the average transaction price in the current period is 160 ECU and that at the end of this period you hold 7 units.
The evolution of the value of your stock is than 220 ECU (160*7 -150*6).
Note: the value of your stock according to the market price --increases when the market price increases or when the number of units you hold increases, --decreases when the market price decreases or when the number of units you hold decreases.
In each period, your performance equals the sum of your profit and the evolution of the value of your stock according to the market price.
Example 4: Suppose that your profit in the period is 530 ECU. Suppose that the evolution of your stock is 220 ECU. Your performance in this period is 750 ECU.
Note: in the first period, as there is no previous period, the performance equals the sum of your profit and the value of the stock at the end of the first period (which is the number of asset holdings at the end of the first period multiplied by the average transaction price in the first period).
The program compares the performance of all market participants at the end of each period. -The participant who realized the highest performance among the eight participants receives a bonus of 240 ECU.
-The participant who realized the second highest performance among the eight participants receives a bonus of 168 ECU.
-The participant who realized the third highest performance among the eight participants receives a bonus of 72 ECU.
-The five other participants receive no bonus (0 ECU).
In case of ties, the computer program draws randomly the participant who will receive the bonus among the ties. The participants are informed about the bonus they receive but do not know if there was a random draw.
Recording your earning
At the end of each period, a feedback on the outcomes in this period will be displayed on your computer screen. You are also requested to record your period earnings on the earning sheet in the Appendix of these instructions, using the information displayed on your screen.
Please find below a copy of the screen displaying the outcomes at the end of each period. Information of each period is displayed on two consecutive screens (profit and bonus).
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Practice period
Before the experiment starts, you will practice the game during 5 minutes. During this practice period you will familiarize yourselves with the market rules and the program. All transactions made during the practice period have no consequence on your final payoff. At the end of the practice period your endowments in cash and units of good X will be reinitialized.
Are there any questions about what has been said until now? Please raise your hand if you have any question and we will answer your questions in private.
APPENDIX B -Measures of bubble severity
The normalized absolute price deviation (NAPD) measures the per-share aggregate overvaluation (or undervaluation) relative to the asset fundamental value in a given period. It accounts for both transaction prices and traded quantities. It is defined as follows:
where denotes the price of the i th actual trade in period t, is the asset's fundamental value in period t and TSU is the total sum of asset holdings (80 in our experiment). Since a high price deviation reflects high trading volumes and deviations from fundamental values, it also indicates the occurrence of a bubble.
The normalized price deviation (NPD) is similar to NAPD, but instead of considering absolute price deviations, it relies on raw price deviations. It is defined as follows:
A positive value of NPD indicates that the market on average overvalues the asset, whereas a negative value indicates undervaluation.
The amplitude measures the magnitude of the overall price changes relative to the asset's fundamental value over its life. It is defined as:
where is the mean transaction price in period t, and is the fundamental value in period t.
Turnover measures the trading activity throughout the market session relative to the total sum of asset holdings. It is defined as follows:
where q t is the number of traded assets in period t. In markets where traders' rationality is common knowledge, risk-aversion would be the only factor motivating trading. For this reason, high turnover is considered as an indicator of a price bubble.
The boom duration represents the number of consecutive periods where the market median price is superior to the asset fundamental value by at least 20%.
halshs-00768434, version 1 -21 Dec 2012 APPENDIX C. Descriptive statistics by treatment and by session 
